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1 [bookmark: _Ref513464071]Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213]At RAN1#104bis-e, the following conclusion and agreements were made based on extensive discussions for CSI feedback enhancements [1].
Conclusion:
For new reporting Case 1, do not consider further the following schemes:
· Case 1-2: CSI prediction
· Case 1-4: Interference covariance matrix
· Case 1-9: Reference wideband CQI excludes worst sub-bands
· Case 1-10: CSI expiration time

Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS (Case 2-3):
· Note: this delta-CQI/MCS is determined based on UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· Companies are encouraged to provide more details in their analysis
· FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
· FFS: Whether quantity reported is relative to the scheduled MCS

Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:
· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: whether the CQI processing time can be reduced compared to Rel-16 CSI processing delay
In this contribution, we provide our further views on the aspects for CSI feedback enhancements. 
2 Discussions on Case 1
Scheduler and link adapter at gNB are tasked to select a proper transmission scheme for downlink transmissions based on reported CSI from the UE. For URLLC this becomes challenging due to high reliability requirements (typically in the order of 10-5 to 10-6 for packet error rate), especially when spectral efficient is taken into account as well. CSI enhancements are considered possible to provide benefits and meet more stringent requirements for URLLC. For Case 1 CSI enhancement, new reporting metrics/mechanisms are mainly focused on the fast interference change. Based on the discussions at last e-meeting, the views on the potential methods for Case 1 are still rather divergent, although the study cases have already been narrowed down. 
From implementation point of view, the methods requiring report of interference or SINR is not favourable. In practical UE implementation, the receiver processing could be substantially different probably resulting in different SINR-BLER performance. Consequently, the reporting of interference or SINR may not truly reflect the MCS that a receiver can process, hence the usefulness in gNB scheduler and link adapter is doubtful. Otherwise, if a certain SINR-BLER mapping is defined by specification, it will largely restrict the UE implementation or some kind of pre-compensation may be required for the UE implementation, which certainly brings extra complexity to UEs. For these reasons, we do not prefer the first method with statistic SINR reporting nor the third method (i.e., Interference standard deviation).
[bookmark: _GoBack]For the first method with statistic CQI reporting, as well as the second method (i.e., CSI based on worst IMR occasion) and the fourth method (i.e., Worst-M CQI), as mentioned by many companies at the last e-meeting, the major benefit seems to be overhead saving. In theory, interference and channel statistics can be obtained by a gNB using existing CSI reporting frameworks. If more accurate CSI is required by a gNB, more frequent CSI reporting and/or sub-band CQI could be configured by the gNB based on implementation. The statistic CQI reporting, or the worst IMR occasion based CSI reporting, or the worst-M CQI reporting could provide an instantaneous reference backoff for the scheduler at gNB. However, in order to support these kinds of CQI reporting, UEs instead of gNBs, may need to carry out the filtering, which may increase UE complexity. And also, as these methods require new quantity reporting, it is unclear whether non-trivial overhead saving can be achieved eventually. 
We do not have strong preference among these three methods. Due to the simplicity and less specification impact(designs for LTE CQI Mode 2-0 could be largely reused), the fourth method (i.e., Worst-M CQI) is slightly preferred if a new metric is agreeable by majority companies. We can also accept that no new metric is supported considering the limited time left for this topic.
Proposal 1: Worst-M CQI is prioritized if a new metric is supported. 
In order to support new CQI reporting (if agreed to be supported), a number of aspects need to be considered, e.g., how to define the new CQI reporting (differential CQI or absolute CQI) and how to transmit the new CQI reporting (on PUCCH or on PUSCH or both). And also, the new CQI reporting could be transmitted simultaneously with legacy CQI reporting or separately using a different channel. As the new CQI reporting is targeted to reflect the fast interference change, separate reporting may lead to extra delay, which is not desired by URLLC.   
Proposal 2: New CQI reporting and legacy CQI reporting could be configured to be simultaneously transmitted if the new CQI reporting is supported.
3 Discussions on delta-CQI/MCS
The delta-CQI/MCS defined for Case 2 are mainly targeted to assist the gNB to acquire more information for a PDSCH transmission (or retransmission) in addition to the ACK/NACK feedbacks, which may facilitate the link adaption to converge to the optimal operating point faster than conventional ACK/NACK based OLLA. This kind of delta-CQI/MCS information can be considered as some kind of soft information besides HARQ-ACK feedback. In theory, this kind of soft information could be helpful for gNB scheduler. However, the successful decoding or failed decoding may be resulted by different reasons (e.g. beam blockage, frequency selection fading, interference spike, channel fading hole, etc), so in practical deployments it may not be efficient to always report the delta-CQI/MCS.  
Proposal 3: Triggering or enabling/disabling mechanisms for reporting of delta-CQI/MCS needs be considered if reporting of delta-CQI/MCS is supported.
At gNB the scheduler configures a MCS for a PDSCH based on CSI reported by the UE. The configured MCS could be more conservative or even more aggressive than the reported CQI depending on gNB scheduler implementation. A UE has no knowledge of how gNB scheduler implementation, as a result, the UE cannot determine an accurate delta CQI if given no scheduler assumption (e.g., how to utilize the reported CQI for MCS determination). If a certain scheduler assumption is defined by specification, it will largely restrict the implementation and/or brings extra complexity to UEs. To derive the delta-MCS, the UE only needs to assume the same scheduler then report a delta_MCS that the UE expects.
Proposal 4: Reporting delta-CQI is not supported for Case 2.
4 A-CSI triggering on PUCCH
The support of aperiodic CSI triggering on PUCCH have been mentioned in a number of contributions and no progress or conclusion was made due to divergent views. This is not a new topic and the pros and cons are quite clear. In our view, the need of aperiodic CSI reporting on PUCCH highly depends on the outcome of Case 2 discussion/design. Particularly, if delta-CQI/MCS is introduced and regarded as a part of CSI reporting, aperiodic CSI on PUCCH is necessary to reduce the reporting latency of delta-CQI/MCS. If delta-CQI/MCS is not supported or delta-CQI/MCS is regarded as a part of HARQ-ACK feedback, the support of A-CSI reporting on PUCCH may not be strongly motivated.
Proposal 5: Aperiodic CSI reporting on PUCCH is supported if delta-CQI/MCS reporting is supported as a part of CSI reporting.
5 Conclusion
In this contribution, we discuss some aspects for CSI feedback enhancements and a number of proposals are made in the following:
Proposal 1: Worst-M CQI is prioritized if a new metric is supported. 
Proposal 2: New CQI reporting and legacy CQI reporting could be configured to be simultaneously transmitted if the new CQI reporting is supported.
Proposal 3: Triggering or enabling/disabling mechanisms for reporting of delta-CQI/MCS needs be considered if reporting of delta-CQI/MCS is supported.
Proposal 4: Reporting delta-CQI is not supported for Case 2.
Proposal 5: Aperiodic CSI reporting on PUCCH is supported if delta-CQI/MCS reporting is supported as a part of CSI reporting.
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